The effects of vitamins C and E on layer chickens transported by road for 6 h during the hot dry season were investigated. Two experimental groups consisting of thirty Shika Brown layers were separately administered vitamins C and E orally just before transportation, while another 30 layers, which were only given sterile water, served as control. Blood samples analyzed before and after transportation in the control layers showed a decrease (p<0.05) in total white blood cell, (p<0.01) lymphocyte and monocyte values, and a significant (p<0.05) and (p<0.001) increase in the values of eosinophils and heterophils post-transportation, respectively. In the experimental groups, post-transportation values of total white blood cells, eosinophils and monocytes were not different (p>0.05) from those obtained before transportation. Heterophil/lymphocyte values were highest in the control group. The result showed that transportation was stressful for the control layers. Post-transportation egg production was not significantly (p>0.05) different in the vitamin E treated group, but values recorded for the vitamin C and control groups were significantly (p<0.05) and (p<0.001) reduced compared to pre-transportation. In conclusion, vitamins C and E administration ameliorated the adverse effect of road transportation stress during the hot dry season.
INTRODUCTION
Poultry production has been reported to be the fastest growing in the livestock industry, and more particularly in tropical and sub-tropical regions of the world (Daghir, 2009; Holik, 2009 ). The establishment of poultry farms in new areas means that live birds of all ages have to be transported by road, across different ecological zones throughout the year. Northern Nigeria is characterized by high air temperatures and high humidity during the hot dry season, with little or no water supply to the animals, which aggravates transport stress (Ayo and Oladele, 1996) .
Many elements of the transport process can be harmful to the birds (Knowles and Brown, 1990; Nicol and Saville-Weeks, 1993) . These includes handling by humans, air temperature changes, high ambient temperature (AT) and relative humidity (RH), removal of food and water, novelty, confinement, noise, motion, micro-thermal core within the vehicle and the use of inappropriate vehicles (Mitchell and Kettlewell, 1998; Bedonova et al., 2006; Vecerek et al., 2006) . The adverse effects of these factors and their combinations may range from mild discomfort and aversion to death. Indeed, studies in the U.K. have indicated that up to 40% of "dead on arrivals" (DOA) are attributable to "transport stress" (Bayliss and Hinton, 1990) and that mortality increases with journey length (Warriss et al., 1990) .Thus, transportation of livestock is a complex multi-factorial and traumatic event (Anokhin et al., 1991; Elrom, 2000) . Among these elements, exposure to high AT and RH has been documented to be a major threat to animal welfare during transport, especially during the hot dry summer months (Hartung, 2003) . These factors acting concurrently on transported animals impair normal body functions, leading to increased morbidity and mortality, poor meat quality and decreased productivity (Fazio and Ferlazzo, 2003; Fallenberg and Speisky, 2006; Franco-Jimenez and Beck, 2007; Rozenboim et al., 2007) . It has been observed that temperature and moisture of air are two major environmental factors controlling the heat stress of livestock (Bouraoui et al., 2002; St-Pierre et al., 2003) . Heat stress to different extents adversely affects egg size, laying percentage, mortality, body weight gain and egg shell durability (Sterling et al., 2003; Lin et al., 2004; Franco-Jimenez and Beck, 2007) . The combination of high AT and RH provokes heat stress and the excessive generation of reactive oxygen species (ROS) or free radicals (FR) as a result of increased metabolism in birds (Ramnath et al., 2008) . Normally, non-enzymatic antioxidants, such as vitamin C, produced in the bird's kidneys, are involved in the elimination of excess FR or ROS from the body, but under praxis condition, they are either exhausted or overwhelmed; thus, exposing cells to their harmful effects (Maurice et al., 2002) . ROS induce oxidative damage of macromolecules, c e l l s a n d t i s s u e s ( A l t a n e t a l . , 2 0 0 3 ) t h a t consequently leads to increased morbidity and mortality rates, with substantial economic losses (St-Pierre et al., 2003) . It is well documented that changes in hematological values of the heterophil/ lymphocyte ratio (H/L) is a good indicator of stress (Altan et al., 2000; Huff et al., 2005) . Several researchers have suggested various ways of ameliorating the deleterious effects of heat stress acting on birds during transportation, such as administering tranquilizers (aminazine) (Anokhin et al., 1991) , and nutritional manipulations through the use of electrolytes (minerals, oils and vitamins) (Holik, 2009) . Unfortunately, drug administration in transported food animals increases the risk of consumption of meat with drug residues. The use of vitamins C and E as antioxidants in combating heat stress has been documented in Japanese quails (Sahin et al., 2002; Sahin et al., 2003a,b; Ciftci et al., 2005) and in pullets (Sinkalu and Ayo, 2008) . However, there is paucity of information on the physiology of transportation on the hybrid Shika Brown layer (SBL), which is indigenous to the Northern Guinea Savannah zone of Nigeria. Therefore, the aims of this study were to establish the effects of dietary supplementation of vitamins C and E in this breed of birds transported at high ambient temperatures and to determine their possible ameliorative effects on blood profile and egg production.
MATERIALS AND METHODS

Experimental site and meteorological data
The study was conducted at the College of Agriculture and Animal Science, Ahmadu Bello University, Mando, Kaduna (11 o 10´N, 07 o 38´E), in the Northern Guinea Savannah zone of Nigeria. Data of precipitation and wind direction were collated from the Meteorological Unit of the Institute for Agricultural Research, Ahmadu Bello University, Samaru, Zaria, Nigeria. The AT and RH inside and outside the pen were recorded daily and for three days before and after the journey period at 07:00, 14:00 and 18:00 h, respectively. A standard ambient thermometer for AT and wet and dry-bulb hygrometer for RH were used. The wet and dry bulb values were recorded, and RH calculated using the depression factor as indicated in the manufacturer's manual. Both instruments, from Cocet, China, were obtained from a commercial medical equipment sales outlet in Kaduna.
Management of birds and Experimental design
Ninety apparently healthy (22 weeks of age; Shika Brown) layer chickens and weighing 1.1 ± 0.0 Kg were randomly divided into three replicate groups (cells) within each of three treatment groups (pens). For the purpose of homogeneity, each pen containing a particular treatment group was partitioned into three equal cells by 5 m plywood, so that each replicate cell contained 10 birds at a stocking rate of 0.373 m 2 /bird (Koelkebeck and Cain, 1984) throughout the study period. All birds were fed a basal layer diet and water was given ad libitum. All necessary medications were administered to the birds. One week to the commencement of the experiment, deep-body temperatures of each bird was recorded daily using a digital thermometer (accuracy ± 0.1°C) inserted 5 cm into the wall of the rectum to ascertain their health status. The birds were also accustomed to the experimental procedures. Food and water were withdrawn just before the journey. On the experimental day and just before loading into the vehicle, the first group was orally administered vitamin C at a dosage of 200 mg/kg body weight dissolved in 5 ml of sterile water w/v, while the second group was orally administered vitamin E at a dosage of 200 mg/kg body weight dissolved in 5 ml edible vegetable oil w/v and the last group was administered only 5ml sterile water (control) v/v. Subsequently, the birds were transported by road for 6 h duration. After the journey, the birds were returned to the same pen and kept under the same conditions and fed, as was done before transportation.
Arrangement of birds, vehicle design and journey time
The birds were easily caught by experts and feather tagged by group. Thereafter, all groups were uniformly inter-mixed and loaded into nine standard crates at a stocking density of 0.0350 m 2 / bird (Delezie et al., 2007) . In order to maintain the homogeneous distribution of environment and "thermal core" load within the vehicle, the crates were arranged in groups of three from the front to the rear part of the vehicle. The vehicle used for the journey was a customary 18-seater Toyota Hi-ace bus that had glass louvers for regulating air movement inside the bus. The top roof was made up of a metal iron from outside and a stock-pile of heat-absorbable foam materials, covered with thick polythene strap from inside. The floor was made-up of metal, and it was covered with 5 cm wood shavings. The vehicles traveled on a tarred road for a period of 6 h at a speed of 50 km/h. Meteorological data inside and outside the vehicle were recorded during the journey using a standard ambient thermometer for AT and a wet and dry-bulb hygrometer for RH. Both instruments used were from Cocet, China. All measurements were recorded inside and outside the vehicle at 1, 2, 3, 4, 5, and finally at 6 h during the journey.
Blood analysis and egg production
Blood samples (0.5 ml) were obtained from the brachial vein by simple venopuncture of ten birds per group immediately prior to loading into the crate and upon removal. Blood smears were made for subsequent differential leukocyte analysis following May-Grunwald staining (Robertson and Maxwell, 1990 ) and H/L ratios were calculated (Mitchell et al., 1992) . Egg production was recorded daily for three days before and after the journey.
Statistical analysis
All data were subjected to the student's paired t-test. Data were expressed as mean ± standard error of the mean (mean±SEM). Values of (p<0.05) were considered significant.
RESULT
The meteorological data before, during and after the journey throughout the study period are given in (Tables I, II and III) . The AT, dry-bulb temperature (DBT) and RH before and after the journey did not show any significant (p>0.05) range difference. However the maximum and minimum AT showed a consistent pattern of increase from 07:00 h, peaked at 14:00 h, and then decreased at 18:00 h before and after the journey. The minimum AT recorded during the study period was 25.0 ºC, while the maximum for the same period was 33.0 ºC. Similarly, the DBT inside and outside the pen throughout the experimental period showed a parabolic increase from 07:00 h to 18:00 h, with a peak value at 14:00 h. The pre-transportation values of DBT inside the pen were consistently higher than the values recorded for outside, while reciprocal values were observed post-transportation. The overall mean DBT pre-and post-transportation followed the same pattern. The RH before and after the journey was higher inside the pen than outside and consistently decreased from 07:00 to 18:00 h. The overall pretransportation percentages RH inside and outside the pen were 91.2±5.3 and 85.7±6.1, while the values recorded post-transportation showed 91.4±4.3 and 86.8±4.3, respectively. During the journey, the DBT rose from 32.0 ºC at the first hour and peaked at 36.0 ºC, corresponding to the fourth and fifth hour of the journey and 14:00-15:00 h of the day. A clear demonstration; that these were the hottest periods of the day in this region of the world. However, the RH showed a rise, fall and another increase at the first, fifth and sixth hours of the journey respectively. The lowest RH value of 48% was recorded at 15:00 h, corresponding to the fifth hour and the hottest period of the journey, with a DBT of 36.0 ºC. During this period, the birds were observed to be panting heavily. There was no rainfall during the study period, and wind direction was predominantly south-west. Blood samples analyzed before and after transportation in control layers showed a decrease (p< 0.05) in total white blood cell, (p< 0.01) in lymphocyte and monocyte values, and a significant (p<0.05) and (p<0.001) increase in the values of eosinophils and heterophils post-transportation, respectively. In experimental groups, posttransportation values of total white blood cells, eosinophils and monocytes were not different (p>0.05) from those obtained pre-transportation. Heterophils/lymphocytes values were highest in the control group. The result showed that the transportation was stressful in control layers (Table  IV) . Before transportation ++Vitamin C-treated 3.8 ± 0.1 30.9 ± 0.2 55. 6 ± 0.6 1.9 ± 0.1 1.9 ± 0.0 6.3 ± 0.2 0.56 ++Vitamin E-treated 3.8 ± 0.1 30.1 ± 0.3 55. 5 ± 0.6 1.9 ± 0.1 1.9 ± 0.1 6.4 ± 0.2 0.54 ++Control 3.7 ± 0.1 30.9 ± 0.3 55. 7 ± 0.7 1.9 ± 0.1 1.8 ± 0.1 6.3 ± 0.2 0.55
After Transportation ++Vitamin C-treated 3.7 ± 0.1 NS 32.6 ± 0.1* 53. 8 ± 0.2* 1.7 ± 0.0 NS 2.0 ± 0.0 NS 6.0 ± 0.1 NS 0.61 ++Vitamin E-treated 3.7 ± 0.0 NS 33.5 ± 0.2* 52. 5 ± 0.4* 1.7 ± 0.0 NS 2.0 ± 0.0 NS 6.2 ± 0.2 NS 0.64 ++Control 3.4 ± 0.0* 40.9 ± 0.2*** 50. 4 ± 0.5** 1.8 ± 0.0 NS 2.1 ± 0.0* 4.8 ± 0.1** 0.81 SBL = Shika Brown Layer; WBC = white blood cell; H/L = Heterophil/Lymphocyte ratio, PNSP = Non-significant (p>0.05) difference; *= p<0.05 = Significant difference; ** = p<0.01 = highly significant difference; *** = p<0.001 = Very highly significant difference; ++ n = 10 across the row.
Changes in egg production of SBL chickens in treated and control groups are given in (Table V) . Three days post-transportation, the egg production of layer chickens administered with vitamins C and E were 49.0% and 70.0%, while the control group was 32.3%, respectively. The percentage decrease in egg production was calculated to be 40.5% for vitamin C, 13.6% for vitamin E and 59.6% for control, compared to pre-transportation values. There was a highly significant (p<0.001) and (p<0.05) decrease in egg production in control and vitamin C groups, while vitamin E group showed a non-significant (p>0.05) difference when compared to their pre-transportation values, respectively.
DISCUSSION
The results obtained in the present study showed that the transported chickens were subjected to the influence of high ambient temperature and high relative humidity, characteristic of the early rainy and late hot dry seasons in the Northern Guinea Savannah zone of Nigeria. The 27.2± 1.2 -29.3± 1.8 and 27.8± 1.5 -29.7± 2.0 ºC pre-and post-transportation AT values recorded were predominantly outside the established thermoneutral zone of 12-24 ºC for birds reared in the temperate region (Selyansky, 1975) , and 18-24 o C for the tropical region (Holik, 2009 ). These results were also corroborated by the dry-bulb temperature values obtained inside and outside the pen throughout the study period. Similarly, the overall DBT value of 33.7±0.8ºC recorded during the journey was very stressful for the birds, as evidenced by their heavy panting. The RH values recorded before and after the journey inside the pen, and more importantly during the journey were considerably high. Romijn and Lokhorst (1961) reported that the detrimental effects of high temperatures were more pronounced at higher RH, while Balnave (2004) , in a World Poultry Science Association (WPSA) invited lecture, concluded that high temperatures, accompanied by high humidity, is more detrimental to bird performance than high temperature with low humidity. The result of 33.7 ºC DBT and 61.5% RH during the journey in this study is in agreement with the findings of Mitchell and Kettlewell (1998) , who employed a multidisciplinary approach in their study to characterize a microenvironment "thermal core" load in transported broiler chickens. The fundamental elements used to calculate apparent equivalent temperatures (AET) within the vehicle were DBT and RH. Results obtained from their study suggest that at heat loads associated with AET of 45 to 50 ºC, physiological stress would be minimal or mild. At values of AET between 50 and 70 ºC, moderate to severe and increasing physiological stress associated with failure of several homeostatic systems, tissue dysfunction and damage, metabolic derangements and activation of the hypothalamus pituitary axis (HPA) will be observed with increasing mortality. If AET reaches 90 ºC or more, then extremely severe stress will occur with catastrophic failure of thermoregulation, profound hyperthermia, collapse and death in large numbers of birds in commercial practice. The authors concluded that the range of RH more commonly encountered in the thermal core is of the order of 70 to 80% and thus the onset of severe physiological stress may be expected at 25 to 26 ºC. This suggestion further demonstrates that transportation of layers during the early rainy season was thermally stressful to the layers. Such responses adversely affect health status and productivity of layers (West, 2003) . Similarly, our results is in agreement with the findings of Igono et al (1982) and Ayo et al (1998) who reported that the hot-dry season is thermally stressful to animals. Furthermore, it has previously been predicted, on theoretical grounds, that increasing RH from 20 to 80% in a transport crate at a temperature of 28 ºC would result in a thermal load upon the birds equivalent to an additional rate of rise in body temperature of 0.42 ºC/h (Mitchell et al., 1990) . In the present study, rising RH at elevated temperature during the journey exerted marked effects on the degree of physiological stress experienced by the birds, as indicated by the increased physiological variable of H/L and a decrease in egg production, especially in the control group. It has been documented that layer chickens show genetic variations especially in physiological response to transportation stress (Cheng and Jefferson, 2008) . Indeed, the response observed in this study was negative in relation to the H/L values recorded in the control group. This may be the result of exposure to high AT and RH as heat stress may occur if layers are subjected to high environmental temperatures due to high crating densities. Turner and Kettlewell (1983) noted that the density in the crates during transport is about twice that in the laying house. The high density in the crates makes it very difficult for the birds to dissipate their heat (Metheringham and Hubrecht, 1996) . The increase in heterophils/ lymphocytes ratio due to heat stress is in agreement with studies of McFarlane and Curtis (1989) , Huff et al (2005) and Minka and . The H/L ratio has been used as a reliable indicator of stress in birds (Altan et al, 2000) , indicating that, in our study, birds from the control group were significantly stressed compared to treated groups. Minka and found that layers supplemented with vitamin C and transported by road showed a significant (p<0.05) increase in eosinophil, but a non-significant (p>0.05) difference in the numbers of basophils and monocytes. This result is in partial agreement with our findings; this may probably be due to the low dosage (60 mg/kg) to body weight administered in their experiment. The significant decrease obtained in egg production in the control group compared to the treatment groups in this study confirmed the findings of Whitehead and Keller (2003) , that vitamin E exerts both anti-stress and fertility effects on layer chickens. Similar findings on the positive effect of dietary supplementation of vitamins C and E in birds subjected to transport and heat stress were also reported by (Bollengier-Lee et al., 1998; Sahin et al., 2003a; Ciftci et al., 2005) . In a separate report, Kazim et al. (2002) noted that dietary supplementation of vitamins C and E positively altered the negative process of serum lipid peroxidation observed in birds exposed to heat stress. They argued that the combination of these two vitamins offers a good management and hence layability at high temperatures. Furthermore, i t h a s b e e n w e l l d o c u m e n t e d t h a t d i e t a r y supplementation of vitamins C and E may alleviate the adverse effects of acute and chronic heat stress in laying hens, perhaps by maintaining the supply of egg precursors in plasma, while at the same time decreasing serum ACTH concentration (Sahin et al., 2002) . Therefore, the results of the present study has further demonstrated that vitamin E administration to transported layer chickens at high ambient temperatures not only alleviated the adverse effects of road transportation stress, but also significantly reduced egg production losses unavoidably associated with road transportation stress in birds.
In conclusion, dietary supplementation of vitamin C and particularly vitamin E alleviated the adverse effects of heat stress in SBL chickens transported during the hot dry season. In addition, the results suggest that the combination of dietary vitamins C and E could provoke possible synergistic effects on transported birds at high ambient temperatures.
